Abstract Endogenous selection is often implicated in the maintenance of stability of natural hybrid zones. Environmental conditions often vary across these zones, suggesting that local adaptation to ecological conditions could also play a role in this process. We used niche modeling to investigate these alternatives in a hybrid zone between two species of brown lemur (Eulemur rufifrons and E. cinereiceps) in southeastern Madagascar. We produced ecological niche models (ENMs) for parental and hybrid populations and compared values of niche overlap to null expectations using identity and background tests. All three taxonomic groups had nonequivalent ENMs with limited spatial overlap, supporting a role for niche divergence and local adaptation in the maintenance of this zone. However, values of niche overlap between ENMs were not greater than null expectations controlling for background environmental differences. These results could suggest that taxa in this hybrid zone inhabit portions of their environments that are more similar to their backgrounds, i.e., niche conservatism. Nevertheless, we did find evidence of niche divergence when using background tests Int J Primatol (2016) that examined environmental variables separately. Although we could not rule out models indicating selection against hybrids, most lines of evidence were consistent with predictions for the bounded superiority model of hybrid zone stability. This study thus provides support that exogenous, environmental selection may be responsible for maintaining the hybrid zone, and may be implicated in the evolutionary divergence of these taxa.
refers to nonidentical or significantly different predicted spatial distributions based on environmental (often climate) predictors. For example, Swenson (2006) modeled the ecological niches of four avian hybrid zones, each consisting of eastern and western species in North America. The ENMs of eastern species matched their known taxonomic boundaries, suggesting that exogenous selection limits these species. By contrast, the ENMs of western species expanded well into the east, suggesting that biotic factors, e.g., competition, may be limiting their ranges.
We employ ENMs here to test models of stability in a hybrid zone between two species of brown lemur, red-fronted (Eulemur rufifrons) and gray-headed lemurs (E. cinereiceps). These species are part of the brown lemur species complex, which includes seven species found throughout Madagascar (Johnson 2007; Markolf and Kappeler 2013; Mittermeier et al. 2008) . Most species within this complex are arboreal and frugivorous (Johnson 2007) , and several confirmed or suspected cases of hybridization have been documented (Lehman and Wright 2000; Mittermeier et al. 2006; Pastorini et al. 2009; Wyner et al. 2002) .
Eulemur rufifrons and E. cinereiceps hybridize in the Andringitra region of southeastern Madagascar. Data collected from this hybrid zone suggest that it is stable: populations at the center of the zone are at Hardy-Weinberg equilibrium (Wyner et al. 2002) , private sites specific to the hybrid population have been identified (Wyner et al. 2002) , and the zone is likely too narrow to be explained purely by neutral diffusion (Delmore et al. 2013) . Further evidence suggests that it may conform to the bounded superiority model: hybrids are apparently equally as fit as parental forms (Delmore et al. 2011) , clines constructed using phenotypic and genetic data are variable in shape and noncoincident in position, and there is no elevation of linkage disequilibrium at the center of the hybrid zone (Delmore et al. 2013) . A preliminary analysis of environmental data further suggests that hybrids occupy a transitional or novel habitat characterized by greater seasonality in precipitation, as well as lower seasonality in temperature (Delmore et al. 2013) . Furthermore, divergence in the feeding ecology of hybrid and parental forms has been reported, including marked differences in diet during seasons with low food abundance (Johnson 2002 (Johnson , 2007 .
We constructed ENMs for hybrid and parental forms in the Andringitra brown lemur hybrid zone and quantified niche overlap using both identity and background tests (McCormack et al. 2010; Warren et al. 2008) . We predicted that if this zone conforms to the tension zone model, ENMs should not coincide closely with observed geographic boundaries across parental species and the hybrids because environmental differences are not expected to play a role in species divergence. Furthermore, niche divergence should not be observed (although tension zones can settle in density troughs, which may themselves be associated with environmental shifts; Hewitt 1988); thus, either niche conservatism or null models would be supported under the tension zone model. If the Andringitra hybrid zone conforms to the geographical selection-gradient model, we predicted that there would be overlap between the ENMs of parental forms at the known location of the hybrid zone. Moreover, the ENM of hybrids would be located in this region but overlap with ENMs of parental forms. We further predicted that we should observe niche divergence between parental forms, but comparisons between hybrids and each parental form should demonstrate niche conservatism, as hybrids do not occupy separate ecological niches under this model. Instead, they may possess characteristics from both parental forms that are maladaptive when combined in hybrids. Finally, if this zone conformed to the bounded superiority model, we predicted that the ENM of hybrids should line up with the known location of the hybrid zone and show limited overlap with ENMs of parental forms. Niche divergence should also be documented between hybrids and both parental forms.
Methods

Study System
Occurrence locations for Eulemur cinereiceps, E. rufifrons, and hybrids were recorded during previous research in the study region (e.g., Delmore et al. 2011; Delmore et al. 2013; Ingraldi 2010; Johnson 2002;  Table I ). For simplicity, we refer hereafter to all three populations (including hybrids) as taxa. The distribution of E. rufifrons includes a portion of western Madagascar south of the Tsiribihina River, as well as a long expanse of eastern forests from the Mangoro and Onive Rivers in the north to the Andringitra Massif in the south (Mittermeier et al. 2008) . We include only the eastern portion of this species' range in our analyses, as marked climatic differences between the now isolated eastern and western distributions would introduce a high degree of environmental heterogeneity in our analyses; western dry forest habitats are not present in the eastern populations of E. rufifrons that border and contribute to the hybrid zone and inclusion of climatic variables from the more arid western range may bias results. Eulemur cinereiceps occupies a narrow range in eastern Madagascar, from the Andringitra Massif to the Mananara River (Johnson et al. 2008; Mittermeier et al. 2008) , though with an isolated population described south of this river (H. Andriamaharoa, pers. comm.). The hybrids are distributed in the mountainous Andringitra region, which serves as a biogeographical crossroads between eastern and central Madagascar (Goodman and Lewis 1996) . Based on analysis of morphological, microsatellite, and mtDNA markers, the hybrid zone extends up to 70 km in width, from Ambondro in the north to Ankorabe in the south (Delmore et al. 2011 (Delmore et al. , 2013 Fig. 1) .
ENM Construction
Presence locations for ENMs were drawn from the entirety of the range of Eulemur cinereiceps, the hybrid zone, and the eastern range of E. rufifrons. The final set of presence locations was refined in order to avoid spatial autocorrelation and to match the spatial resolution of environmental variables (see later). Systematic sampling was conducted by creating a 1-km grid encompassing all of the presence locations and randomly sampling one occurrence per species per grid cell (Fourcade et al. 2014) . This resulted in a dataset of 83 presence locations (21 E. cinereiceps, 25 hybrid, and 37 E. rufifrons; Table I ).
We developed ENMs using Maxent v3.3.3k . Maxent relies on presence-only records to estimate the probability of occurrence for a species. It finds the probability distribution that is most spread out, or closest to uniform, i.e., maximum entropy, and then constrains that distribution by the values of environmental variables at locations where the species is known to occur . Using the mean of environmental values to constrain the distribution minimizes overfitting. Maxent performs well in comparison to other approaches (Elith et al. 2006) and with small numbers of presence locations (Pearson et al. 2007) . With the exception of crossvalidation (see later), we relied on the default settings for all model parameters. We developed Maxent models using fivefold cross-validation and model performance was assessed on the held-out, i.e., test folds (Elith et al. 2011) . We constructed receiver-operating characteristic (ROC) curves for each fold and used the area under the curve (AUC) to compare model performance (Fielding and Bell 1997) . We calculated the test omission rate for each fold through binary predictions using equal sensitivity and specificity; we used a one-tailed binomial test to investigate whether the observed omission rate was better than expected compared to a random prediction (Anderson et al. 2002) . The AUC is a threshold-independent test statistic that measures the ability of a model to discriminate between sites where a species is present and those where it is absent, which indicates the efficacy of the model for prioritizing areas in terms of their relative importance as habitat for a species. However, Maxent is a presence-only Fig. 1 Locations of background environments for Eulemur rufifrons, hybrids, and E. cinereiceps. Points representing the centroid of each pixel (30 arc-seconds) within these ranges were selected for background tests. Limits of the ranges correspond to known river barriers, forest within the eastern escarpment and lowland fragments where these taxa have been recorded, and midpoints between the most proximate parental and hybrid sampling localities.
algorithm; therefore we used the approach suggested by Phillips et al. (2006) , applying randomly selected pseudo-absences instead of observed absences to AUC; we drew background selections from within the known ranges of the three taxa in eastern Madagascar (Fig. 1) . The AUC ranges from 0 to 1, where 1 indicates perfect discrimination, 0.5 suggests predictive discrimination is no better than random, and values below 0.5 imply performance worse than random. We adopted the interpretation offered by Hosmer and Lemeshow (2000) whereby an AUC value of 0.7-0.8 is considered an acceptable prediction; 0.8-0.9 is excellent and >0.9 is outstanding. We ran the models with increasing regularization multiplier settings (2 and 3) but the default multiplier (1) showed the highest model performance (highest AUC) and the lowest variability; furthermore, increasing regularization did not improve model overfitting in two of the three taxa (results not shown). We did not use spatially independent calibration data, which may have inflated performance estimates (Radosavljevic and Anderson 2014) ; nonetheless, our background tests using Maxent generated ENMs (see later) do not suggest systematic biases leading to overfitting (see Results).
We constructed the ENMs using six environmental variables: four climate variables, a measure of forest cover, and elevation. The climate data were downloaded from the WorldClim database (Hijmans et al. 2005) . We reduced the number of WorldClim climate variables to four (from 19), based on a combination of expert knowledge about the physiological and life history requirements of lemurs, as well as correlation analysis. For the latter, we removed collinear variables with Pearson correlation >0.90 (Syfert et al. 2013) . One of the four retained climate variables represented temperature trends (mean annual temperature); another represented temperature seasonality (standard deviation of temperature), while the others represented precipitation trends (mean annual precipitation) and drought incidence (precipitation of driest month). We derived elevation from a digital elevation model (DEM; USGS 2012) and obtained forest cover from layers classified by Conservation International using 2005 satellite imagery (Harper et al. 2007) . We upscaled the forest layer to match the resolution of the WorldClim data as it was based on Landsat imagery (30 m resolution). The upscaling process also involved converting the categorical forest variable (forest/ nonforest) to a gradient representation (percent forest cover). This was accomplished by the use of a 3 × 3 moving window averaging all of the forest pixels that fell within in each final 30 arc-second pixel. We clipped all variables using the forest layer as the mask so as to include only areas that had greater than zero percent forest cover. We completed all analyses using a Mercator projection in ArcGIS v10.1 (ESRI 2012).
Quantitative Analyses of Niche Divergence
We quantified potential niche divergence using three methods. First, we used the identity test implemented in ENMtools (Warren et al. 2008) . This test uses a randomization procedure to evaluate whether the ENMs of taxa are more different than expected by chance. We generated pseudoreplicate datasets by pooling occurrence points, randomizing species identities, and creating two new samples of the same sizes as the original samples. We created ENMs for these replicates and estimated niche divergence using two measures of niche overlap: Schoener's D and Hellinger's I (Warren et al. 2008) . These measures compare estimates of habitat suitability for each taxonomic group in the full study area; values range from 0 (no overlap) to 1 (complete overlap). D assumes that habitat suitability scores are proportional to species abundance while I treats scores as probability distributions. We repeated this randomization procedure 100 times to generate a null distribution and used a one-tailed test to compare observed values of niche overlap to the null distribution.
Second, we used the background test implemented in ENMtools (Warren et al. 2008) . Similar to the identity test, this test uses ENMs and a randomization procedure; it aims to determine if the ENM of one taxon predicts that of a second better than expected by chance. Briefly, we compared the ENM of one taxon (A) to another ENM created by choosing a random set of points from the background of the opposing taxon (B). We created background environments by selecting the centroid of every pixel within the ranges of the three taxa within eastern Madagascar (Fig. 1) . Where ranges overlapped in the hybrid zone, we created boundaries between Eulemur rufifrons and the hybrid background and E. cinereiceps and the hybrid background with a horizontal line (along the corresponding parallel of latitude) dividing them at the midpoint between the two most proximal presence points, i.e., between E. rufifrons and hybrids at the northern edge of the hybrid zone and between E. cinereiceps and hybrids at the southern limit of the zone (Fig. 1) . The number of random points drawn from taxon B's background is equivalent to the number of occurrence points for taxon B. We compared these ENMs using Schoener's D and Hellinger's I. We repeated this procedure 100 times and in both directions to generate two null distributions. We used two-tailed tests to compare observed values of niche overlap between taxon A and B. We considered the niches of taxa diverged if the observed value fell below the 95% CI of the null distribution; i.e., measures of niche overlap are lower. Following Blair et al. (2013) , we used a conservative approach when interpreting these results; if the test was significant in one direction but not the other, we failed to reject the null. We took the same approach when results were in opposite directions for the two distributions.
Finally, we used the background test described by McCormack et al. (2010) using custom scripts in R 3.0.3 (R Development Core Team 2014) available in the Electronic Supplementary Material. This is a multivariate method that does not rely on ENMs. Instead, we extracted environmental variables from occurrence points and a random set of background points. We calculated differences for each variable between taxonomic groups and compared them to a null distribution (generated by calculating the difference between background points using a bootstrapping approach and 1000 resamples). We used a two-tailed test, the same environmental variables used to construct ENMs, and the same background used in the previous test to assess niche overlap among taxa. We considered the niches of taxa diverged if the observed value fell above the 95% CI of the null distribution; i.e., differences between background points were less than differences between the occurrence points. The advantage of this background test vs. Warren et al. (2008) is that environmental data are not summarized into a single value, allowing us to examine each variable separately. For simplicity, we term these two analyses the Warren background test and McCormack background test. We note that comparisons among nonsister taxa, i.e., Eulemur cinereiceps and E. rufifrons, may be problematic on theoretical grounds, as we cannot deduce whether niche divergence might have occurred between these species and a possibly large number of more closely related, now extinct lineages since these species originally diverged evolutionarily (Losos 2008; Losos and Glor 2003) . However, the parental species are very closely related (Markolf and Kappeler 2013) , and there is no evidence for niche divergence in more recent splits in the brown lemur complex (Blair et al. 2013 ). These comparisons nonetheless should be interpreted with caution.
Ethical Note
We obtained location points for study taxa in previous research and reanalyzed them here (see earlier; Table I ). Original sources provide details regarding animal handling procedures. U.S. Fish and Wildlife Services, Institutional Animal Care and Use Committee (Omaha's Henry Doorly Zoo and Aquarium) and Animal Care Committee (University of Calgary) approved all procedures. The research adhered to the legal requirements of the government of Madagascar.
Results
The Maxent models showed strong discrimination on held out folds, with a mean crossvalidated AUC of 0.989 (SD = 0.01) for Eulemur cinereiceps, 0.967 (SD = 0.01) for hybrids, and 0.836 (SD = 0.02) for E. rufifrons (Table I) . These AUC values suggest excellent to outstanding discrimination (Hosmer and Lemeshow 2000; Table I ) and were further supported by significant binomial tests (omission error, 0-0.36; all folds significant at P < 0.0001, except fold 3 for E. rufifrons with P = 0.002; Table I ).
Visual inspection of ENMs indicated that areas with a high probability of occurrence in models for each taxon closely aligned with their known distributions ( Figs. 1 and 2) . Observed values of niche overlap (Schoener's D and Hellinger's I) are provided in Table II for each comparison. Congruent with visual inspection of the ENMs, we rejected the null hypothesis of niche equivalency in all cases; values of niche overlap were lower than expected by chance (Table II; Fig. 3 ).
Results were less clear when incorporating background divergence into the null hypothesis. Using ENMs and randomization tests in the Warren background test, we found that the niches of Eulemur rufifrons and E. cinereiceps were more similar than expected by chance, i.e., the observed value of niche overlap fell above the 95% CI (Table II; Fig. 4a and d) . We were unable to reject the null hypothesis consistently (and in the same direction) in the remaining two comparisons (Fig. 4b and e, c and f) ; thus the most conservative interpretation is that the observed divergence in niches viewed in ENMs (Fig. 2) , and nonidentical niches shown in the identity test (Fig. 3 ) may be explained primarily by differences in the environmental background of taxa. However, results for the comparison between E. rufifrons and hybrids may indicate more nuanced patterns: niche conservatism for hybrids and niche divergence for E. rufifrons (although there was a trend for divergence only when quantifying niche overlap using Hellinger's I; Table II ; Fig. 4b and e) . This result suggests that hybrids occupy regions within their environment more similar to the background of E. rufifrons, while E. rufifrons inhabits regions within its environment that are more different from the background of hybrids than would be expected by chance (Table II; Fig. 4b and e) .
Using the multivariate McCormack background test, we documented significant differences from null in all six of the environmental variables compared between Eulemur rufifrons and E. cinereiceps. We found niche divergence for five of the six environmental variables, i.e., the observed difference was greater than the 95% CI; the remaining variable exhibited niche conservatism; i.e., the observed difference was less than the 95% CI (Table II) . When considering E. rufifrons and hybrids, all six environmental variables showed significant differences; we recorded niche divergence for two of these variables and niche conservatism in the remaining four variables (Table II) . Four of six environmental variables exhibited significant differences between hybrids and E. cinereiceps. Three of these variables showed niche divergence and one showed conservatism (Table II) . All three comparisons exhibited niche conservatism in forest cover, but niche divergence in the standard deviation (SD) of temperature (Table II) .
Discussion Testing Models for the Maintenance of the Andringitra Hybrid Zone
Our results indicate variable support for each of the three models for hybrid zone stability: the tension zone, the geographical selection-gradient, and the bounded superiority models (Table III) . The tension zone and the geographical selection-gradient (ENMs) showing the probability of species presence (logistic output) ranging from 0 to 1 for (A) Eulemur cinereiceps, (B) E. rufifrons, and (C) hybrids in Madagascar. Darker colors represent high probability of species presence. Each distribution is based on models developed using fivefold cross-validation. models both invoke selection against hybrids, with the former indicating endogenous selection, such as reproductive impairment, and the latter exogenous (environmental) selection (Barton and Hewitt 1985; Endler 1977; Moore and Price 1993) ; the bounded superiority model also involves exogenous selection, but in this case favoring hybrids within particular ecotones (Good et al. 2000; Moore 1977) . Under the tension zone model, we predicted substantial overlap among ENMs across parentals and hybrids (or niche conservatism), because adaptation to local environmental conditions was not expected to delimit boundaries across populations (Barton and Hewitt 1985) . However, visual inspection of the ENMs indicated well-demarcated ranges across these brown lemur populations, at least in terms of the areas with the highest predicted suitability (Fig. 2) . Furthermore, identity tests, which compare the overlap of ENMs through randomization procedures (Warren et al. 2008) , indicated that all three taxa were significantly diverged in their niches, i.e., had nonidentical niches. However, under the Warren background tests, we found convergence between the two parental species, while the hybrid-parental comparisons showed no difference from null. Using a conservative interpretation wherein a lack of clear divergence suggests niche conservatism (Blair et al. 2013) , these results support the tension zone model. On the other hand, the Warren background I P < 0.01, P < 0.01 P = 0.08, P = 0.01 P = 0.38, P = 0.34 D P < 0.01, P < 0.01 P = 0.04, P = 0.01 P = 0.26, P = 0.24
Convergence Null Null
McCormack background McCormack background tests (McCormack et al. 2010) suggested niche conservatism for forest cover, divergence for mean annual temperature, and conflicting patterns across the remaining variables (Table II) . In all, our results offer only mixed support for the tension zone model, the most commonly cited for hybrid zone stability across many animal species (e.g., Alexandrino et al. 2005; Bronson et al. 2003; Kawakami et al. 2008) . Under the geographical selection-gradient model, we predicted that the ENMs of parental forms would meet at the hybrid zone and overlap substantially with the ENM of hybrids (Table III) . According to visual inspection of the modeled niches, this was not the case: the areas of high suitability in the ENMs of parental forms did not meet, and there was limited overlap between the ENMs of hybrids and both parental forms (Fig. 2) . Indeed, the transitions between parental forms and hybrids coincided well with boundaries of the hybrid zone documented through genetic and morphological evidence (Delmore et al. 2013) . We also predicted that niche divergence would be documented between parental forms under this model, but not between hybrid and parental forms. Identity test results support the prediction of nonidentical niches between parentals, but they did not support the prediction that hybrids and parentals would be identical. Meanwhile, the Warren background tests showed no support for the former prediction, but support for the latter (Tables II and III) . Finally, with the McCormack background tests, the finding of divergence between parentals and convergence (or no difference from null) between hybrids and each parental in elevation b c a e f d Fig. 3 Results from identity tests evaluating whether ENMs of Eulemur cinereiceps, E. rufifrons, and their hybrids in southeastern Madagascar are more different than expected by chance. Observed niche overlap values are shown with red arrows and null distributions generated using a randomization procedure are shown in black. Table II includes raw values for niche overlap and P-values.
does fit the predictions of the geographical selection-gradient model. Nonetheless, the weight of evidence does not provide clear support for this model. Instead, we found stronger support for the bounded superiority model, which predicts niche separation across both parental species and hybrids (Flockhart and Wiebe 2009; Good et al. 2000; Moore 1977 ). Both visual inspection of high-suitability areas (Fig. 2 ) and identity tests (Table II) indicate divergence, i.e., nonidentical niches, in the ENMs of hybrids and parentals. While the Warren background test suggested niche conservatism, we did document significant divergence for mean standard deviation of temperature using McCormack background tests (Table II) . As each environmental variable used to construct ENMs was examined separately in this set of analyses, it is possible that only temperature seasonality is relevant to niche divergence and the maintenance of reproductive isolation in this system; the inclusion of additional variables which do not distinguish among parentals and hybrids in the ENMs may have swamped out any signal of divergence along relevant niche axes in the Warren background tests.
We also note that although the overall results from the Warren background tests suggest niche conservatism, we did document some trends that may support niche divergence. Specifically, there was a trend toward niche divergence in the comparisons between hybrids and each parental species (Fig. 3) . For example, it appears that while Results from background tests to determine if the ENM of one taxon predicts that of a second better than expected by chance. Taxa include Eulemur cinereiceps, E. rufifrons, and their hybrids in southeastern Madagascar. Schoener's D is indicated in the top panels and Hellinger's I in the bottom panels. Observed niche overlap values are shown with black arrows; null distributions generated using a randomization procedure are shown. Colors correspond to the focal species in each comparison; e.g., a and d show comparison of E. rufifrons distributions (blue) in the E. cinereiceps background (red). C (conservatism) and D (divergence) denote significant differences from null; see Table II for raw values and P-values.
hybrids are occupying a portion of their environment that is similar to the background environment of Eulemur rufifrons, E. rufifrons is occupying a portion of its environment that is different than the hybrid background ( Fig. 3b and e) . This could be considered niche divergence and would support both the geographical selectiongradient and bounded superiority models. We thus view our analyses as cautious support for the bounded superiority model, but we cannot rule out the tension zone or geographical selection-gradient models across all lines of evidence. This assessment is largely congruent with findings from previous research in the Andringitra brown lemur hybrid zone (Table III) . These investigations have shown no indication of strong selection against hybrid forms, as suggested by body condition and the shape and noncoincidence of genetic and morphological clines across the zone (Delmore et al. 2011 (Delmore et al. , 2013 . Furthermore, the parental species and hybrids appear to vary in ecological adaptations, such as overall and scarce-season diets (Johnson 2007) . We caution, however, that such ecological differences do not provide definitive evidence of niche divergence. As suggested by the Warren background tests, brown lemurs, regardless of ancestry, might selectively use similar habitats (and perform similar ecological behaviors) when they are available; it could instead be differences in available environmental types that cause these taxa to appear distinct in their modeled distributions (Godsoe 2010; Warren et al. 2008) . A recent study comparing ENMs across Eulemur also found niche conservatism in all brown lemur sister species pairs (Blair et al. 2013) .
Issues of Scale, Resolution, and Variables for Ecological Niche Models
There are inherent difficulties when attempting to infer small-scale processessuch as difference in how animals interact with their local environments-from large-scale analyses as presented here. Indeed there are real concerns that ENMs are at best indirect, coarse predictors of the ecological niches and spatial distribution of organisms, and debate continues about which niche dimensions are predicted from these models (Warren 2012) . One concern for ENMs is the potential for high levels of environmental heterogeneity to influence model results. Specifically, a high degree of variation in the background range can bias results toward niche divergence (Blair et al. 2013; Godsoe 2010) . Given the considerably larger range of Eulemur rufifrons, it is likely that the distribution of this species maintains greater environmental variation (which would have been even greater had we included the arid west). Nonetheless, we found no evidence of niche divergence in the Warren background tests, suggesting our results are sufficiently conservative despite potential environmental heterogeneity in background ranges. While background tests are designed to assess the differential use of habitats within larger ranges (McCormack et al. 2010; Warren et al. 2008 Warren et al. , 2010 , it may be difficult to determine potential niche divergence at small spatial scales. Although we were able to detect niche divergence according to mean annual temperature in the McCormack background test, other climate variables showed conflicting patterns across comparisons, no difference from null, or niche conservatism (Table II) . This suggests that Eulemur cinereiceps, E. rufifrons, and their hybrids would be similar in niche requirements and behavior in identical environments, despite recorded differences in dietary ecology in allopatry (Johnson 2007; Overdorff 1993) . Two species of mouse lemurs (Microcebus murinus and M. griseorufus) and their hybrids demonstrate a somewhat contrasting but instructive pattern in southeastern Madagascar. Unlike the brown lemurs, the parentals are broadly similar in allopatry (Rakotondranary and Ganzhorn 2011) . However, where they overlap in Andohahela National Park, they occupy different microhabitats according to tree size and differ in temporal occupancy via extended torpor in M. murinus; meanwhile hybrids in these environments are more generalist, overlapping with the niches of both parentals (Rakotondranary and Ganzhorn 2011) . In general, differential adaptation to environmental types and gradients may play a role in the extent and direction of hybridization in this system (Hapke et al. 2011) . Interestingly, a recent study by Kamilar et al. (2015) indicated higher niche overlap using identity tests between these mouse lemur species (I = 0.779, D = 0.476) than recorded in our study taxa. It is possible that some of the evidence pointing to niche conservatism in our regional-scale analysis might obscure similar patterns of divergence among brown lemurs in shared habitats, where reinforcement of population differences is most critical. Indeed, researchers have long recognized subtle niche partitioning in sympatric Eulemur species (Tattersall and Sussman 1998) .
In addition to appropriate spatial scales, the selection of relevant variables is an important step in building ENMs (Elith and Leathwick 2009; Warren 2012) . Given the ongoing reduction and fragmentation of Madagascar's forest ecosystems (Allnutt et al. 2008; Harper et al. 2007 ) with likely substantial impacts on lemur populations (Schwitzer et al. 2014) , it may be prudent to consider human factors when attempting to predict lemur distributions and niches. Kamilar and Tecot (2016, this volume) found that including anthropogenic disturbance variables, e.g., distance to human settlements, in Eulemur ENMs improved their performance over models using climate variables alone. Such predictors may have altered the ENMs of the Andringitra hybrids and parental species in our analyses, including the degree of niche overlap. We note, however, that we included an implicit measure of ecosystem integrity -percentage of forest cover-which did not indicate niche divergence in these taxa (Table II) .
Implications for Evolutionary Processes and Conservation
In summary, aspects of our results are consistent with all three models of hybrid zone stability, with the bounded superiority model receiving support from the most lines of evidence. This model underscores the potential importance of ecological selection in the maintenance of reproductive isolation and speciation (Nosil 2012; Schluter 2009 ) and highlights the creative role hybridization could play in these evolutionary processes. Under the bounded superiority model, hybrids occupy transitional or novel habitats and exist relatively independent of parental forms, which could represent the early stages of hybrid speciation (Mallet 2007) . Given the lack of empirical support for the bounded superiority model in other systems, future work to disentangle models of hybrid zone stability in this zone will be important. The collection of behavioral data from individuals of distinct ancestry in shared environments could inform this question by identifying differences in the ecological strategies of hybrid and parental forms. Such research could provide insight into the mechanisms behind the patterns observed in the present study, at the appropriate local spatial scales.
If climatic niche divergence among hybrids and parentals maintains the stability of the zone over time, then encroachment into a neighboring taxon's range should be limited. Thus, an expanding hybrid zone does not likely pose a risk to "pure" populations of Eulemur cinereiceps, a Critically Endangered species (IUCN 2015) . However, although estimates of historic land cover change vary, deforestation remains a persistent threat to Madagascar's ecosystems (Agarwal et al. 2005; Grinand et al. 2013; Harper et al. 2007; Ingram and Dawson 2005; McConnell and Kull 2014) . Habitat loss could have the secondary effect of disrupting hybrid zone stability, potentially increasing hybridization and posing particular risks for species with small ranges and populations (Detwiler et al. 2005) such as E. cinereiceps (Brenneman et al. 2012; Irwin et al. 2005) . Therefore, preserving the integrity of the forests surrounding the Andringitra Massif may be crucial for conserving this species, as well as the evolutionary and ecological processes that maintain the unique brown lemur hybrid zone.
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